Polygynous ungulates are commonly used to test the Trivers-Willard hypothesis that high-quality females should produce a higher proportion of male than female offspring given certain assumptions. We studied relationships among age, maternal condition, and sex ratio of progeny in the collared peccary (Pecari tajacu), a sexually monomorphic ungulate, in southern Texas to examine this hypothesis. We collected data on litter size and sex ratio from 264 peccaries from 1989 to 2003. The overall fetal sex ratio was male-biased (P ¼ 0.04) at 54.8% male. Sex ratio varied by age, with individuals in age class 2 (of 4) being responsible for most of the skew in the ratio. Condition indices (body mass, carcass mass, and kidney fat index) did not vary in females categorized by sex ratio of litters. Logistic regression revealed that increasing condition of peccaries was associated with a more male-biased litter, but these relationships were weak (P ¼ 0.10-0.20). Our results were consistent with recent work showing sex ratio-age relationships and reviews documenting decreasing support for the Trivers-Willard hypothesis in ungulates with less sexual dimorphism.
Adaptive variation in sex ratios of offspring has been the subject of probably hundreds of studies, the majority of them stimulated by the seminal paper of Trivers and Willard (1973) . Trivers and Willard (1973) posited that selection should favor parental ability to adjust sex ratio of offspring according to the parental ability to invest in their young. They cited data in mammals indicating that as maternal condition declines, adult females tend to produce a lower ratio of males than females. Reviews of subsequent studies on sex ratio of offspring in mammals (Clutton-Brock and Iason 1986) in general and ungulates (Hewison and Gaillard 1999) in particular have provided ''equivocal support'' (Hewison and Gaillard 1999) for the existence of facultative adjustment of the offspring sex ratio. Ungulates have been assumed to be ideal choices for testing the Trivers-Willard model because of small litter size, generally polygynous mating systems, and variable reproductive success between the sexes (Hewison and Gaillard 1999) . Two recent reviews of the ungulate literature indicated that support for relationships between sex ratio and maternal condition were stronger when sexual size dimorphism was more male-biased and gestation periods were longer (Hewison and Gaillard 1999; Sheldon and West 2004) . Trivers and Willard (1973) based their model of facultative sex-ratio adjustment on 3 assumptions: condition of offspring at the end of parental investment is correlated with maternal condition; condition of offspring at the end of parental investment endures into adulthood; and differences in male condition affect male fitness more than differences in female condition will affect female fitness. Our study model was the collared peccary (Pecari tajacu), a polygynous ungulate that lives in mixed-sex herds of 5-50 individuals. Collared peccaries are sexually monomorphic in general appearance, body mass, and nearly all morphological traits; subtle differences occur for tail length (longer in females), dorsal scent gland (larger in males), and skeletal mass of forequarters (heavier in males- Lochmiller et al. 1986 Lochmiller et al. , 1987b . Previous work on the collared peccary indicates that this species meets at least 2 of the assumptions of the Trivers-Willard hypothesis. Moderate restrictions of maternal diet (energy and protein) reduced several morphological measures of fetal development (Lochmiller et al. 1987a ). In addition, juvenile growth (pre-and postweaning) is a positive function of maternal dietary crude (Wilbur et al. 1991) . No evidence on the presence or absence of compensatory growth is available for the peccary to fully address the 2nd assumption. Relative to the 3rd assumption, it is believed that although all females within a herd breed, dominant males can exert exclusive mating rights, thus increasing the variance of male reproductive success (Bissonette 1982; Packard et al. 1991 ; but see Byers and Bekoff 1981) . Dominant males are not only the most successful breeders (Bissonette 1982) , but also are the largest in body mass and have the highest concentration of serum testosterone (Hellgren et al. 1989 ). This evidence is consistent with important effects of condition on male reproductive success (Hewison and Gaillard 1999) .
The collared peccary provides an interesting model to test ideas about facultative adjustment of offspring sex ratio. The lack of sexual dimorphism indicates a lack of sex-biased maternal investment in the preweaning period; thus, the sex ratio of a litter does not affect the direct maternal costs of rearing it. Although other species have no demonstrable male bias in maternal costs and care (e.g., pronghorn [Antilocapra americana] and American bison [Bison bison]-Hewison and Gaillard 1999), the collared peccary retains monomorphism into adulthood and is likely the most monomorphic ungulate studied to date. Litter size in collared peccaries ranges from 1 to 3 (mode ¼ 2), therefore, the Trivers-Willard hypothesis requires modification to incorporate potential adjustments in litter size as well as sex ratio (Fernandez-Llario et al. 1999; Williams 1979) .
We used data on fetal sex ratios from a population of collared peccaries in southern Texas collected over a 15-year period to examine if peccaries fit the Trivers-Willard model and to explore recent arguments about the role of age in progeny sex ratios (Hewison et al. 2002; Saltz 2001; Saltz and Kotler 2003) . Based on the Trivers-Willard model, we predicted that the proportion of males in twin litters (the modal situation in collared peccaries) should be related positively to individual female condition. Saltz and Kotler (2003) posited a significant relationship between age and progeny sex ratio, but also stated that it could take various forms depending on species. Therefore, we did not predict a direction in the relationship between these 2 variables.
MATERIALS AND METHODS
Study area.-We collected data from 1989 to 2003 during public hunts conducted during October-February on the 6,151-ha Chaparral Wildlife Management Area, located 165 km southwest of San Antonio in Dimmit and La Salle counties, Texas. The area was located in the South Texas Plains ecological region (Hatch et al. 1990 ). Vegetation was characterized as semiarid thornscrub dominated by mesquite (Prosopis glandulosa) and prickly pear cactus (Opuntia lindheimeri). Other common woody species included spiny hackberry (Celtis pallida), Texas persimmon (Diospyros texana), tasajillo (Opuntia leptocaulis), hogplum (Colubrina texana), and acacias (Acacia- Nolte et al. 1994) . Common grasses and forbs included cowpen daisy (Verbesina encelioides), crown coreopsis (Coreopsis nuecensoides), Texas palafoxia (Palafoxia texana), Lehman lovegrass (Eragrostis lehmanniana), hooded windmill grass (Chloris cucullata), and fringed signalgrass (Brachiaria ciliatissima). Mild winters and hot, dry summers characterized the climate of the Chaparral Wildlife Management Area. Temperatures averaged 12.58C and 30.48C for January and July, respectively. Yearly average (6 SD) precipitation on the Chaparral Wildlife Management Area was 64 6 22 cm (Hellgren et al. 1995) . Topography was gently rolling with elevations ranging from 145 to 206 m.
Animal harvest.-The process of harvesting and sampling animals was described in Hellgren et al. (1995) . Briefly, during public hunts from 1989 to 2003, harvested peccaries were brought into a check station on the study area. Animals were sexed and aged. We assigned harvested adult peccaries to tooth wear classes as described by Sowls (1961) . Low (1970) used dental cementum annuli to determine ages accurate to within 1 year and provided a range of chronological ages for each wear class as follows: age class 1, 2-3 years; age class 2, 3-5 years; age class 3, 5-7 years; age class 4, 7-10 years; age class 5, .8 years. Because of small samples in age class 5, we pooled age classes 4 and 5 into a single class.
We assessed reproduction and nutritional condition by collecting reproductive tracts and kidneys from harvested animals. Hunters were directed to not eviscerate animals in the field but take them directly to the check station. We weighed body mass and carcass mass (e.g., after removal of heart, lungs, and abdominal contents) with a spring scale to the nearest 0.5 kg. We removed female reproductive tracts and noted condition (pregnant, nonpregnant, or lactating). We counted fetuses if present, sexed them, and weighed them to the nearest gram. Pregnancies of females ,25 days into gestation were not detectable upon gross examination. We trimmed and removed fat from kidneys as described by Riney (1955) . We determined fresh masses of paired kidneys and dissected fat to the nearest 0.1 g. Kidney fat index was calculated as fat mass divided by paired fat-free kidney mass multiplied by 100 (Riney 1955) . Data on kidney fat index were available only for the years 1989-1996 and 1998 . Data analysis.-Overall sex ratio of the sample was analyzed across years using log-linear modeling (PROC CATMOD-SAS Institute Inc. 2004). We conducted analyses to assess relationships among age, body condition, and fetal sex ratio. Fetal sex ratio was divided into 6 categories (1 female, 1 male, 2 females, 1 male and 1 female, 2 males, and 3 total offspring). We used log-linear modeling to test for an association between fetal sex ratio and age. We tested whether measures of condition (body mass, carcass mass, and kidney fat index) differed among age and sex-ratio categories using a 2-way analysis of variance with interaction (PROC GLM-SAS Institute Inc. 2004). We conducted multinomial logistic regression (PROC LOGISTIC-SAS Institute Inc. 2004) with sex-ratio category as the dependent response and age class, live mass, carcass mass, and kidney fat index as independent variables. We tested all 1-variable predictor models and 2-variable models including age and a condition variable. We restricted these analyses to litters containing 1 or 2 young because of a limited sample (n ¼ 13) of 3-fetus litters. Although reduced survival of male embryos has been observed in female rodents under various stresses (Clutton-Brock and Iason 1986) and differential male mortality has been identified as a factor worthy of consideration in ungulate sex ratios (Forsyth et al. 2004 ), we did not analyze this effect for a number of reasons. The peccary population in this study had a maximum intrauterine loss of only 11.3% (based on differences between corpora lutea and fetal counts- Hellgren et al. 1995) , preliminary analysis showed no trend between fetal sex ratio and embryonic age (as determined by Smith and Sowls 1975) , and our results were similar when we only analyzed litters of 2 young.
RESULTS
A total of 251 female peccaries contained litters of 1 or 2 fetuses that were large enough to be sexed, and an additional 13 litters contained 3 fetuses. Overall sex ratio was 54.8% male (258 males and 213 females), which differed from 50:50 (v 2 ¼ 4.34, d.f. ¼ 1, P ¼ 0.04). The sex ratio did not vary across years (v 2 ¼ 8.82, d.f. ¼ 14, P ¼ 0.84). Average litter size (6 SE) was 1.84 6 0.02, with a mode and median of 2 young.
Log-linear analysis indicated that the frequency of sex-ratio categories varied with age (v 2 ¼ 43.59, d.f. ¼ 15, P , 0.001; Fig. 1 ). This interaction was manifested primarily in 2 ways. Females in age class 1 were more likely to have singleton litters than all other age classes. In addition, females in age class 2 were more likely to have twin litters of 2 males than all other age classes. The male bias in the sex ratio of the overall sample was primarily due to age class 2, which had an overall ratio of progeny sex of 96 males and 54 females (64% male; Fig. 2 ).
No interaction (P . 0.11 for all comparisons) occurred between sex-ratio category and age for live mass, carcass mass, or kidney fat index for female peccaries. Live (F ¼ 8.10, d.f. ¼ 3, 240, P , 0.001) and carcass (F ¼ 5.72, d.f. ¼ 3, 237, P , 0.001) mass varied by age, but not by sex-ratio category (Table  1) . For both mass variables, individuals in age class 1 were smaller than in all other age classes. Kidney fat index did not vary by age or sex-ratio category (Table 1) .
Logistic regression models did not provide useful predictors for litter sex ratio in individual females. The strongest relationships between predictors and sex-ratio category for 1-variable models included live mass (Wald
For 2-variable models, live mass and age (Wald v 2 ¼ 4.23, d.f. ¼ 2, P ¼ 0.12) and kidney fat index and age (Wald v 2 ¼ 3.61, d.f. ¼ 2, P ¼ 0.16) were the best models. Coefficients for all predictor variables indicated that an increase in the predictor(s) was associated with larger and more male-biased litters.
DISCUSSION
Our finding of an age effect on the frequency of 2-male litters provides more fuel but little explanation to a recent literature exchange debating the effect of age on variation in progeny sex ratio (Hewison et al. 2002; Saltz 2001; Saltz and Kotler 2003) . Saltz (2001) and Saltz and Kotler (2003) posited that age is the predominant factor affecting progeny sex ratio in ungulates, although the shape of the relationship varies. Several recent studies document age effects on sex ratio in species including mountain goats (Oreamnos americanus-Côté and Festa-Bianchet 2001), reindeer (Rangifer tarandus- Weladji et al. 2003) , and laboratory mice (Rosenfeld and Roberts 2004) . Hewison et al. (2002) argued that although age can be a correlate of progeny sex ratio, it is only a proxy for other maternal characteristics such as body condition or social rank that directly affect sex ratio. Similar to the onager (Equus hemionus-Saltz and Rubinstein 1995), examination of our data showed a relationship between prime age and progeny sex ratio. Animals in age class 2 demonstrated a strong male bias in progeny sex ratio, whereas animals in younger and older age classes had no similar bias. Females in age class 2 also exhibited the highest fecundity among any age class in this herd (Hellgren and Lochmiller 1999) ; however, they were not larger in size or in better condition than older females. Hence, the effects of age and nutritional condition did not covary.
With regard to the Trivers-Willard hypothesis, our results provided weak evidence (P , 0.20) for a positive effect of body condition on progeny sex ratio in collared peccaries. We pose several possible explanations for this result. Peccaries have no sexual size dimorphism, and ungulates with marked sexual size dimorphism show stronger positive relationships between condition and sex ratio (Sheldon and West 2004) . A review of effect size as a function of sample size in tests of the Trivers-Willard hypothesis revealed a convergence toward an effect size of 0 at sample sizes .100 (Sheldon and West 2004) . This result could be interpreted as overall rejection of the Trivers-Willard hypothesis. On the other hand, although we did not have small samples by most measures, sample sizes larger than we have reported here are required to demonstrate a weak, but statistically significant (i.e., P , 0.05) relationship. Noise in the condition-sex ratio relationship may have been increased by the use of condition indices rather than a true measure of condition (e.g., total body fat), or by measurement error associated with condition indices.
Behavioral dominance, another index of female condition, may be involved in our observations given its importance in influencing progeny sex ratio (Sheldon and West 2004) . Peccaries exhibit dominance hierarchies in wild (Bissonette 1982) and captive (Sowls 1974) situations, but we had no data on the dominance status of sampled peccaries. Behavioral dominance is integral to the local resource competition hypothesis (Clark 1978; Silk 1983) , an alternative to the Trivers-Willard hypothesis. This alternative postulates that dominant females whose female progeny also are likely to be high ranking will produce more daughters than sons, whereas subordinate females whose female offspring are unlikely to reproduce will produce more sons than daughters. Perhaps peccary females in age class 2 produce more male offspring than older age classes because although they are as large as older individuals, they are lower in the hierarchy. Unfortunately, we have no data on the relative value of maternal dominance in peccaries to dispersing sons and philopatric daughters. Such data are needed to predict the direction and strength of the relationship between maternal condition and sex ratio (Hewison and Gaillard 1999; Sheldon and West 2004) .
Another complication of predicting and explaining how collared peccaries fit sex-ratio theory regards their mating system. Packard et al. (1991) suggested that the peccary mating system may be flexible, switching between polygyny and promiscuity based on ecological factors affecting estrous synchrony and group size. For example, dominant males in small groups may be able to exclusively mate with females, but this control is lessened in larger groups. If variance in male reproductive success is negatively related to herd size, as discussed above, the benefit of a male-biased litter will vary with regional herd composition and degree of male dispersal. Herd sizes can range from 3 to as high as 50, but generally average between 7 and 18 (Hellgren and Bissonette 2003; Hellgren and Lochmiller 1999) . Although dispersal remains poorly documented in the species (Day 1985) , recent evidence from Texas indicated that movement of individuals between adjacent herds was not uncommon among subadult males (Gabor and Hellgren 2000) . If females can manipulate sex ratio in response to herd size, we predict that more males would be produced in areas with smaller herds.
Adaptive fetal sex allocation continues to be a much-debated topic in evolutionary and behavioral ecology. Our unique contribution is to provide analyses on progeny sex ratio and condition in a sexually monomorphic ungulate. The effects that we observed were consistent with recent reviews and metaanalyses showing that relationships between these variables strengthen with increased sexual dimorphism (Hewison and Gaillard 1999; Sheldon and West 2004) . The number of variables potentially affecting progeny sex ratios are many and data sets on the relationship between parental fitness, offspring fitness, and progeny sex ratios are few (Clutton-Brock and Iason 1986). We echo the call of several others to obtain detailed information on life-history characteristics of study species for powerful tests of theories of adaptive sex-ratio allocation (Clutton-Brock and Iason 1986; Hewison and Gaillard 1999; Sheldon and West 2004) .
